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Keywords: felodipine, b-cyclodextrin, chronotherapeutic, ethyl cellulose * Correspondence; e-mail: pr.vavia@ictmumbai.edu.in, vaviapr@yahoo.com pressure, hormonal levels) and pathophysiological disease states (e.g., hypertension, myocardial infarction, bronchial asthma and rheumatic disease) show a circadian pattern in their manifestations (2, 3) . Therefore, the management of such disease states should preferentially involve delivery systems that release drugs after a specified delay period (lag period-time of no drug release) after dosing (4) . Thus, drug release from the formulation will be targeted at a specific period of the day when there is a higher chance of clinical manifestation of the disease. Such delivery approach is termed chronotherapeutic (chronos -time) (5, 6) .
Felodipine (FD), which is used in the proposed research, belongs to a category of dihydropyridine derivatives. It is chemically described as ethylmethyl-4-(2,3-dichlorophenyl)-1,4-dihydro-2,6-dimethyl-3,5-pyridine-carboxylate (7) . FD is a calcium antagonist commonly used for its excellent antihypertension and antianginal effects (7, 8) . FD is a poorly water-soluble drug belonging to the BCS class II drugs (9) . Bioavailability of FD is strongly limited by its high lipophilic character (aqueous solubility < 0.5 mg L -1 ) (10). Efficient delivery of this poorly water-soluble drug was achieved by increasing its solubility, which resulted in dissolution enhancement. One of the methods used to increase the solubility of a poorly water-soluble drug is the cyclodextrin complexation technique (11, 12) . The proposed mechanism by which this solubilisation occurs is the inclusion complex formation, in which there is dynamic equilibrium between the guest and host molecules with the complex (13, 14) . Cyclodextrin complexation technology of FD would be an efficient, convenient, economical and industrially scalable approach for its dissolution enhancement.
FD is a typical example of a drug that can be used in the chronotherapeutic treatment of hypertension (15) . Although many cardiovascular treatments are designed to give a constant effect throughout a 24-hour cycle, in most cases, the night time requirement is not the same as that during the day (16) . For such cases, the delivery of cardiovascular agents using conventional dosage forms is inappropriate, since their administration just before the appearance of worse symptoms cannot be possible because of the sleeping cycle of patients. Hence, chronotherapeutic systems aimed at delayed drug release could be an optimal approach (17) .
The aim of the present research work was to formulate a time delayed chronotherapeutic formulation of FD using a pH independent polymer as functional coating material. Different viscosity grades of ethyl cellulose, along with hydrophobic plasticizer, are used as functional coating material. Such a hydrophobic coating layer acts as an alarm clock, releasing the drug from the active core at a predictable time. Predictable time is the period during which there are maximum chances of ischemic heart diseases to occur, during the early morning hours or at night. Furthermore, dissolution enhancement of FD must be achieved for its immediate and complete release. This cyclodextrin complexation technology, which is the simplest and most economical approach for dissolution enhancement of poorly water-soluble drugs, was used and characterized extensively to confirm the inclusion complex formation.
EXPERIMENTAL

Materials
Felodipine was obtained from Nivedita Chemicals Pvt. Ltd. (India). Dibutyl phthalate was purchased from Merck (India). b-cyclodextrin (b-CD), different grades of ethyl cellulose, Ac-di-sol, directly compressible lactose, aerosil, magnesium stearate and talc were obtained from Signet Chemical Corp. Pvt. Ltd. (India). Solvents such as methylene chloride and isopropyl alcohol were purchased from Merck. All other chemicals and reagents were of analytical grade. Distilled water was used throughout the study.
Preparation of inclusion complex
The inclusion complex was prepared by the method of kneading. b-CD (3.24 g) was placed in a mortar, wetted with absolute ethanol and kneaded upto paste consistency. FD (1.091 g) was added and kneaded 60 min with successive addition of absolute ethanol. The formed complex was dried at 40°C for 4 h. The dried powder was passed through a 60# sieve and stored in a desiccator to get constant mass.
Preparation of physical mixture
Equal mole amounts of FD and b-CD were mixed thoroughly in the dry state. The mixture was passed through a 60# sieve and stored in a desiccator.
Phase solubility studies
The phase solubility study was conducted according to the Higuchi and Connors method (18) . In brief, an excess amount of FD was added to stoppered conical flasks containing aqueous solution (25 mL) of various b-cyclodextrin concentrations (0-15 mmol L -1 ). The suspensions were shaken for 24 h at 37°C on a shaker rotating at 200 rpm (Orbital Shaker Incubator, Remi Laboratory Instruments, India). Equilibrated aliquots were filtered through a 0.22-mm nylon filter (Millipore, India) and analyzed by UV spectrophotometrically at 362 nm (Jasco V-530, Japan). The stability constant (K) for FD/b-CD was calculated, using the equation:
where, S is solubility of FD in the absence of b-CD.
Characterization of the inclusion complex
Differential scanning calorimetry (DSC). -Thermal characterization of the complex was done using a differential scanning calorimeter (Perkin Elmer, Pyris-6 DSC, USA). Alumina was used as reference material and the analysis was carried out in a nitrogen atmosphere (20 mL min -1 ). All samples were run at a scanning rate of 10°C min -1 from 30 to 250°C.
Powder X-ray diffractometry (PXRD). -The study was carried out using an X-ray diffractometer (Rigakuminiflex, Japan). Radiation was from Ni filtered CuK, with a wavelength of 0.154 nm having a graphite monochromator. Scanning range was 0-70 with a scanning rate of 2 min -1 .
Fourier transform infrared (FTIR) spectroscopic analysis. -FTIR spectra of powder samples were recorded on a FTIR-5300 spectrophotometer (Jasco, Japan) by the KBr disk method using a hydrostatic press to form a compact disc of samples. The scanning range was 4,000-400 cm -1 .
Microscopic examination. -Powder samples of FD, b-CD, physical mixture of FD:b-CD and the kneaded complex thereof were subjected to microscopic analysis using a scanning electron microscope (SEM) (Hitachi, Japan).
In vitro dissolution studies. -In vitro dissolution of plain FD, physical mixture and the complex were carried out using a USP Type II (paddle) apparatus (Electrolab, India). Dissolution of powders equivalent to 10 mg of FD was studied in water, in 6.5 pH buffer with surfactant (Tween 20, 2 %, m/V). Dissolution medium (500 mL) was taken and maintained at 37 ± 0.5°C. The paddles were rotated at 50 rpm. Samples were withdrawn at different time intervals, filtered through Whatman filter paper, and analyzed for percent drug released spectrophotometrically at 362 nm (19) .
Tablet formulation
Formulations of core tablets were designed as shown in Table I . All the ingredients were weighed accurately and passed through a 40# sieve to prevent segregation while mixing. Optimized and dried FD/b-CD complex was mixed with the excipients in geometric proportion to ensure uniform distribution. Furthermore, this blend was passed through a 60# sieve. Compression was done on a 16 station rotary tablet press (Cadmach, India) using 7 mm round standard concave punches to a hardness of 5-6 kg cm -2 .
Coating of tablets
Prepared tablet cores of various batches, as shown in Table I , were subjected to coating with a non-aqueous coat of 5 % (m/V) ethyl cellulose in a mixture of dichloromethane/isopropylalcohol (1:1) at pan speed of 32 rpm. Dibutyl phthalate was added into the polymeric solution in weight percent of polymer concentration in order to form a good, intact and flexible polymeric film. Automized air was maintained at a flow rate of 450 mg min -1 and with 1.5 kg cm -2 air pressure.
Effect of formulation variables
As shown in Table I , different batches were designed with variations in decisive formulation variables such as polymer viscosity, plasticizer concentration, super disinte-grant concentration and weight gain of the core tablet. Optimization of these parameters plays a crucial role for attaining the desired drug release profile, essential for the chronotherapeutic application of the drug. All these formulation factors were varied to study their effect on in vitro release of the drug and to achieve the desired lag time of 5-7 hours, necessary to meet the therapeutic requirement of delayed release. Three different grades of ethyl cellulose were used to coat the tablet core. Ethyl cellulose N7, ethyl cellulose N10 and ethyl cellulose N22 were different grades of the polymer corresponding to their respective viscosity of 7, 10 and 22 Pa s. Dibutyl phthalate, one of the commonly used hydrophobic plasticizers, was added to impart flexibility to ethyl cellulose film. Tablet cores were coated with the polymeric solution containing different concentrations of dibutyl phthalate ranging from 0 to 12.5 % (m/m) (plasticizer mass with respect to polymer mass). Such coated tablets were evaluated for their effect on in vitro release of FD. Different batches with wide-ranging concentrations of superdisintegrant, Ac-di-sol, viz. 3, 6, 10 and 15 mg, were taken to study their effect on the lag time and subsequent drug release profile. Batches with different coating mass gain were prepared and evaluated for their in vitro release behaviour. Effect of these decisive formulation variables on in vitro drug release were studied by carrying out dissolutionin 6.5 pH buffer with 2 % surfactant (Tween-20). In order to simulate GIT conditions in vivo, drug release was also carried out in sequential buffer change, i.e., 1.2 pH buffer (0-2 h), 4.5 pH buffer (2-4 h) and in 6.5 pH buffer with 2 % surfactant (4 h onwards). These dissolution studies were carried out in 500 mL of medium using the USP Type II dissolution apparatus. Drug release was determined spectrophotometrically at 362 nm. During the dissolution experiment, a rupture test was performed, which was based on visual observations and drug release data. The rupture test gave an idea about the time taken for the coat to rupture, i.e., lag time. Phase solubility studies confirmed the solubility enhancing capacities of b-CD, as shown in Fig. 1 . Aqueous solubility of FD increased as a function of b-CD concentration. Solubility curve obtained was classified as AL type, indicating 1:1 molar stoichiometry of the complex. Stability constant calculated from the slope and intercept of the solubility curve was found to be 185.5 L mol -1 . The kneading method was used for the formation of the inclusion complex of FD with b-CD at a molar ratio 1:1.
Based on the literature, it was shown that inclusion complexes of the poorly water--soluble drug with cyclodextrins were formed in non-covalent manner, without chemical bonds. Hydrophobic interactions and van der Waals bonds are mainly involved in their formation. Thus, identification of this inclusion complex phenomenon was done using DSC, PXRD, FTIR and SEM. As shown in Fig. 2, FD showed an endotherm at 149°C corresponding to the melting point of the drug, and the curve of b-CD showed a broad endotherm at 102°C owing to the release of water molecules residing in the cavity. Comparing the DSC curves of FD, b-CD, physical mixture and the formed complex, it was found that the curve of the physical mixture showed two endotherms at 145 and 111°C with almost significant intensity compared to that of FD and plain b-CD, respectively, whereas the curve of the complex showed endotherms with diminished intensity, indicating formation of a new solid state owing to the inclusion complex phenomenon. In addition, the characteristic endothermic effect of b-CD was slightly shifted to higher temperature, indicating that FD had complexed with b-CD. In fact, even though not unambiguously attributable to inclusion complexation, this phenomenon is indicative of a stronger interaction between the drug and b-CD in the solid state (20, 21) . different from that of the plain drug and physical mixture, confirming the formation of a new solid phase, which had an amorphous nature. Prominent peaks of FD either disappeared or were less intense in the complex form (Table II) , suggesting a strong interaction between the drug and b-cyclodextrin. Despite the fact that the PXRD diffractogram of the solid complex showed a characteristic pattern corresponding to the crystalline drug, the peak intensities were reduced, indicating a decrease in drug crystallinity. This decrease in drug crystallinity was responsible for the increased solubility of the solid complex compared to that of the pure drug. This phenomenon of increase in solubility with decrease in drug crystallinity has been reported in literature (22, 23) . The solid state interaction between cyclodextrin and the drug molecule was done using Fourier transform infrared (FT-IR) spectroscopy. Chemical interaction between the drug and the carrier often leads to identifiable changes in the infrared (IR) profile of complexes (24) . In case of any interactions, the principal peaks pertaining to the various functional groups present in the guest molecule may be affected (25) . IR spectral studies may also be indicative of the hydrogen bonding phenomenon that may be occurring between the guest and the host. Principal peaks corresponding to the structural features of FD were found due to N-H stretching at 3371.6, aliphatic C-H stretching at 2949.8 C=O ester group at 1695.1 and C-Cl stretching at 726.8 cm -1 , as shown in Fig. 4 . The FT-IR spectrum of b-CD was characterized by a single broad band at 3300-3500 cm -1 due to O-H stretching vibrations. Vibrations of the C-H and CH 2 groups appeared in the 2800-3000 cm -1 region. Any sign of interaction would be reflected in changes of the characteristic peak of FD, depending on the extent of interaction. Principal peaks corresponding to FD were affected. Changes in the characteristic bands of FD in the complex like N-H stretching at 3345.7, aliphatic C-H stretching at 2931.9 and C=O ester group at 1690.3 cm -1 confirm the interaction of the drug with cyclodextrin. Thus, IR studies showed that the aromatic functional group of FD interacted with the O-H group of cyclodextrins through hydrogen bonding. 1 H NMR is an ideal tool to characterize the inclusion complex formation between the guest and the cyclodextrin cavity in the solution state. Proton chemical shifts and their variation between the free and complexed forms are reported in Table III , according to the numbering given in Fig. 5 .
If a guest is incorporated into the cyclodextrin cavity, the hydrogen atoms located in the interior of the cyclodextrin cavity (H-3 and H-5) will be considerably shielded by the guest molecule, causing a significant upfield shift whereas the protons on the exterior surface of the torus (H-1, H-2, H-4 and H-6) will either be unaffected or experience a marginal shift. Alternately, if association takes place at the exterior of the torus (surface interaction), H-1, H-2, H-4 and H-6 will be strongly shielded (12) . The scanning electron micrograph, as shown in Fig. 6 , indicated that drug particles had a more crystalline nature while the paste complex formed appeared in a different physical form, which seemed to be amorphous. It is clear from the dissolution profiles that FD showed poor dissolution in distilled water with only 5 % release in the first 10 min, as shown in Fig. 7 . Its physical mixture with b-CD provided no significant enhancement in drug dissolution. Inclusion complexation with b-cyclodextrin greatly improved the dissolution of FD, with 25 % of the drug being dissolved within the first 10 min. Thus, the complex formed showed a 4-fold increase in drug dissolution in water. This was due to increased solubility and rapid wettability of the complexed drug. As shown in Fig. 7 , plain FD gave a poor dissolution profile in 6.5 pH buffer with surfactant. Its physical mixture with b-CD showed a very slight improvement in drug solubility. Dissolution studies of the complex revealed that approximately 90 % of FD was released within the first 30 minutes in dissolution medium compared to plain FD (30 % in 30 min), which is desirable for rapid drug release. Hence, the FD/b-CD complex showed an approximately 3-fold increase in drug dissolution with respect to plain FD. This was due to improved wettability of the drug, which resulted in significant improvement in drug solubility.
Different formulation variables play a crucial role in optimization of the desired delayed drug release profile to meet the therapeutic requirement of the disease. Ethyl cellulose was chosen as the coating polymer because of its weak mechanical strength and insolubility throughout the gastrointestinal tract. Though a not very flexible film is desired, the film formed must be strong enough to withstand in vivo GIT turbulences and remain intact for the period of lag time. Therefore, various grades of ethyl cellulose differing in viscosity were screened. Effect of these grades on the in vitro drug release profile of FD is shown in Fig. 8 . From the in vitro release behaviour, it can be concluded that as the viscosity of the polymer increased, stronger and more durable films were formed. The grade with the lowest viscosity (ethyl cellulose N7) showed good mechanical strength to resist the developing swelling pressure and to rupture after the desired lag time. Plasticizer also played a vital role in the formation of a tough and flexible film of the hard or brittle polymer. As shown in Fig. 8 , a significant effect was observed on the lag time of ethyl cellulose coated tablet as the plasticizer concentration was changed. From the outcome of the drug release profiles, we can conclude that as the plasticizer concentration is increased, lag time will increase as well. Films plasticized with only 5 % dibutyl phthalate were too brittle and ruptured before the desired lag time. For tablets with 10 % plasticizer, films were somewhat rigid and ruptured leaving only small fissures as pathways for drug release. Tablets coated with films containing 12.5 % plasticizer ruptured at the edge of the tablet upon swelling and left a wide orifice, from which almost all tablet core contents were released and only empty coating remained.
The presence of superdisintegrant in tablet cores was crucial to create the pressure on the coating layer. Superdisintegrant swelling after the ingress of water into the tablet was a key factor for the rupture of ethyl cellulose coating. As the superdisintegrant concentration increased in the core, the lag time of core rupture decreased, as seen in Fig. 9 .
Increase in superdisintegrant concentration increased the water uptake of the core. This added to a rapid increase in core swelling. Such expanding core could now exert a greater amount of pressure on the coat, causing it to rupture more rapidly. The semi-logarithmic plot of superdisintegrant mass against time lag (Fig. 9) showed a good linear re- lationship (R 2 = 0.975), indicating that this factor played a crucial role in the modulation of lag time. Increase in coat thickness also caused resistance to water penetration and coat rupture. As revealed in Fig. 10 , with the increase of coat thickness, there was a corresponding increase in the lag time and subsequent drug release. Thus, percent coating mass gain was found to be another crucial parameter in the modulation of lag time and in achieving the desired drug release profile. The semi-logarithmic plot of percentage ethyl cellulose mass gain against lag time showed a good linear relationship, as shown in Fig. 10 (R 2 = 0.992) indicating the vitality of this factor in lag time modulation.
pH independent drug release behaviour of the polymer was also studied by carrying out dissolution in sequential buffer change. As shown in Fig. 11 , drug release behaviour of the optimized formulation was found to be unaffected by the pH of the medium. Thus, the developed formulation showed a pH independent release profile of FD owing to the use of ethyl cellulose as hydrophobic functional coating material. 
CONCLUSIONS
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